Study design: Systematic review and meta-analysis.
Introduction
Multiple level (≥3 segments) cervical spondylotic myelopathy (MCSM) usually leads to the gradual deterioration of spinal cord function. [1] Early intervention with surgery can improve the prognosis of MCSM patients. [2] In treating MCSM, an anterior approach results in a more complicated surgical performance, associated with increased complications such as internal graft dislocation and dysphagia. This finding explains why the posterior approach is more commonly used by surgeons. [3] For the posterior approach, laminectomy alone is the standard therapy for treating MCSM. To reduce the rate of postoperative cervical kyphosis and segmental instability, instrumented fusion such as lateral mass screw fixation is performed following laminectomy. [4] Laminoplasty is considered an alternative method using a posterior approach for treating MCSM, providing a greater postoperative cervical range of motion (ROM) and decreased destruction of the posterior structures of the cervical spine. [5] Both procedures are widely applied for treating MCSM because of the satisfactory clinical outcomes over time.
Some studies indicate that laminoplasty is superior to laminectomy with instrumented fusion, but other studies reveal different conclusions. The primary goal of this meta-analysis is to pool the most recently published studies in order to determine whether laminectomy with instrumented fusion or laminoplasty is significantly better in terms of clinical and radiographic outcomes and complications in treating patients with MCSM.
Methods

Ethics statement
As all analyses in this meta-analysis were based on previously published studies, ethical approval was not necessary.
Search strategy and study selection
We searched for studies published until April 2018 that compared the clinical effectiveness of laminectomy with instrumented fusion and laminoplasty for the treatment of MCSM. The databases used include PubMed, Embase, the Cochrane library, CNKI (Chinese database), VIP (Chinese database) and WANFANG (Chinese database). The languages were restricted to Chinese or English and only published articles were included. The following search terms were used:
(1) cervical spondylotic myelopathy or CSM or ossification of posterior longitudinal ligament or OPLL; (2) laminoplasty; (3) laminectomy or fusion or instrumentation; (1) and (2) and (3) in combination.
Reference lists of all included studies were scanned to identify additional potentially relevant studies. Two reviewers independently screened the titles and abstracts of identified papers, and full-text copies of all potentially relevant studies were obtained.
Inclusion criteria
Studies were included if they met the following criteria:
(1) study design: randomized or nonrandomized controlled studies or cohort studies; (2) study population: patients with MCSM; (3) purpose of interventions: to compare the differences in clinical outcomes between laminectomy with instrumented fusion and laminoplasty; and (4) outcome measurements: with at least 1 desirable outcome.
Studies that did not meet the above criteria were excluded from selection.
Quality assessment of included studies
The Newcastle-Ottawa quality assessment scale (NOS) was used to evaluate the quality of the included studies.
Data extraction
The following information was extracted from each study:
(1) basic characteristics, including publication year, study design, patient age, enrollment number and follow-up time;
(2) primary outcome, presented as preoperative and postoperative Japanese Orthopedic Association (JOA) scores, preoperative and postoperative VAS, preoperative and postoperative ROM, preoperative and postoperative CCI, C5 nerve palsy rate and axial symptoms rate; (3) secondary outcomes, including overall complication rate, operation time and blood loss.
Data analysis
We performed all meta-analyses with the Review Manager software (RevMan Version 5.3, The Nordic Cochrane Center, The Cochrane Collaboration, Copenhagen, Denmark). Heterogeneity was tested using the chi-square test and quantified by calculating the I 2 statistic, for which P <.1 and I 2 >50% was considered to be statistically significant. For the pooled effects, the standardized mean difference (SMD) was calculated for continuous variables and the risk ratio (RR) was calculated for dichotomous variables. Continuous variables are presented as SMD and 95% confidence intervals (CI), whereas dichotomous variables are presented as RR and 95% CI. Random-effects or fixed-effects models were used depending on the heterogeneity of the studies included.
Results
Search results and quality assessment
The process of identifying relevant studies is summarized in Figure 1 . From the selected databases, 1275 references were obtained. By screening the titles and abstracts, 1221 references were excluded because they were duplicates, irrelevant studies, case reports, not comparative studies and reviews. The remaining 54 reports underwent a detailed and comprehensive evaluation. Eight systematic reviews or meta-analyses were not eligible because of a lack of primary data. Twelve studies were excluded because of comparisons with anterior surgical approaches. Seven studies were excluded because the laminectomy patients did not receive an instrumented fusion. Eight studies were excluded because patients underwent only laminoplasty or laminectomy. Four studies were excluded because they did not provide available data related to MCSM patients. Finally, 15 studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] were included in this meta-analysis. Eleven studies [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] were published in English, and the other 4 studies [17] [18] [19] [20] were published in Chinese. Table 1 and Table 2 summarize the assessment of baseline characteristics and quality of included studies, respectively. The NOS was used to assess the quality of each study. All studies scored 7 to 8 points, so the quality of each study was relatively high. 3.2.5. Preoperative CCI. Five studies with a total of 440 patients (221 in the LIF group and 219 in the LMP group) provided preoperative CCI. The research exhibited no statistically significant heterogeneity (P = .91, I 2 = 0%); therefore, a fixed effect model was used as the pooling method, and SMD was applied to analyze the overall effect. Preoperative CCI was similar between the 2 groups [SMD = À0.14, 95% CI: À0.33, 0.05; P = .14; Fig. 6 ].
3.2.6. Postoperative CCI. Five studies with a total of 440 patients (221 in the LIF group and 219 in the LMP group) provided postoperative CCI. The research exhibited no statistically significant heterogeneity (P = .70, I 2 = 0%); therefore, fixed effect model was used as the pooling method, and SMD was applied to analyze the overall effect. Postoperative CCI was similar between the 2 groups [SMD = 0.04, 95% CI: À0.15, 0.22; P = .71; Fig. 7 ].
3.2.7. Preoperative ROM. Six studies with a total of 515 patients (256 in the LIF group and 259 in the LMP group) provided preoperative ROM. The research exhibited statistically significant heterogeneity (P = .72, I 2 = 0%); therefore a fixed effect model was used as the pooling method, and SMD was applied to analyze the overall effect. Preoperative ROM was similar between the 2 groups [SMD = 0.12, 95% CI: À0.05, 0.30; P = .16; Fig. 8 ]. Six studies with a total of 515 patients (256 in the LIF group and 259 in the LMP group) provided postoperative ROM. The research exhibited statistically significant heterogeneity (P <.00001, I 2 = 89%); therefore, a random effect model was used as the pooling method, and SMD was applied to analyze the overall effect. The postoperative ROM was significantly greater in the LMP group compared with LIF group [SMD = À1.51, 95% CI: À2.14, À0.88; P <.00001; Fig. 9 ].
3.2.9. C5 nerve palsy rate. Eight studies with a total of 607 patients (306 in the LIF group and 301 in the LMP group) provided the C5 nerve palsy rate. The research exhibited no statistically significant heterogeneity (P = .13, I 2 = 38%); therefore, a fixed effect model was used as the pooling method, and RR was applied to analyze the overall effect. The C5 nerve palsy rate was significantly higher in the LIF group compared with the LMP group [RR = 2.22, 95% CI: 1.30, 3.80; P = .003; Fig. 10 ].
3.2.10. Axial symptoms rate. Nine studies with a total of 716 patients (384 in the LIF group and 332 in the LMP group) provided the axial symptoms rate. The research exhibited statistically significant heterogeneity (P = .004, I 2 = 65%); therefore, random effect model was used as the pooling method, and RR was applied to analyze the overall effect. The axial symptoms rate was similar between the 2 groups [RR = 1.04, 95% CI: 0.61, 1.78; P = .87; Fig. 11 ].
Overall complication rate.
Five studies with a total of 535 patients (249 in the LIF group and 286 in the LMP group) provided the overall complication rate. The research exhibited statistically significant heterogeneity (P = .09, I 2 = 50%); therefore, a random effect model was used as the pooling method, and RR was applied to analyze the overall effect. The overall complication rate was significantly higher in the LIF group compared with the LMP group [RR = 1.99, 95% CI: 1.24, 3.21; P = .004; Fig. 12 ]. 3.2.14. Sensitivity analysis. Sensitivity analysis was performed to confirm the stability of this meta-analysis by sequentially omitting individual eligible studies. The pooled results were not significantly changed after each study was excluded, which showed the stability of the results.
Publication bias.
Publication bias for included studies was assessed by funnel plots (Figs. 15-18 ). Funnel plots appeared nearly symmetrical for preoperative JOA scores, postoperative JOA scores, preoperative VAS scores, and postoperative VAS scores, indicating no significant publication bias among the included studies. 
Discussion
Surgical treatments for MCSM are complicated and challenging. [7] Posterior approaches can provide satisfactory clinical outcomes in treating MCSM by indirect decompression of the spinal cord. Laminectomy with instrumented fusion and laminoplasty has been the most widely used posterior procedure. Previous systematic reviews comparing laminoplasty and laminectomy with instrumented fusion revealed a trend that laminoplasty was preferable with fewer total complications, including lower C5 nerve palsy and reduced surgical trauma, but could not determine which technique is superior. [21] [22] [23] In addition, the relevant literature was only searched up to January 2016. Furthermore, they extracted limited data for quantitative analysis. Over the last 2 years, a few studies on posterior approaches for the treatment of MCSM have been published. Therefore, it remains necessary to verify the above conclusion based on the latest high-quality studies.
In this meta-analysis, from the literature search up to April 2018, we combined 15 studies that included a total of 555 patients in the laminectomy group and 576 patients in the laminoplasty group. Compared to laminectomy with instrumented fusion, laminoplasty showed better postoperative Lee et al [21] published a meta-analysis of studies comparing laminoplasty with laminectomy for treating MCSM. In this article, the authors focused on the clinical and radiological outcomes between these 2 different methods. The authors suggest that both methods may obtain clinical improvement and lead to a similar loss of lordosis, but definitive conclusion could not be reached regarding which surgical approach is more effective for the treatment of MCSM. Phan et al [23] also demonstrated that there is no clear advantage for either laminectomy with fusion or laminoplasty when treating patients with MCSM. However, a higher nerve palsy complication rate was found in laminectomy with fusion. Results of another study showed that both laminoplasty and laminectomy with fusion may achieve clinical improvement and a similar loss of lordosis. However, laminoplasty showed shorter operation time and lower C5 palsy rate. [22] Our results are similar to those reported by others. JOA scores and VAS are widely applied to assess the improvement of postoperative clinical outcomes. The Japanese Orthopaedic Association (JOA) score was developed by the JOA in 1975 and has become one of the most commonly used outcome measures to assess the functioning of patients with CSM. The visual analog scale (VAS) is commonly used to evaluate human psychology such as pain, and patients can rate the level of pain with a numerical scale. The pooled data showed that there was no statistically significant difference in preoperative JOA scores, preoperative VAS, postoperative JOA scores and postoperative VAS between the 2 groups, indicating that both of the 2 procedures can obtain sufficient spinal canal decompression and clinical improvement.
Cervical lordosis was measured on lateral X-ray by using the cervical curvature index (CCI) as described by Ishihara, and ROM was determined for C2-C7 by means of the Cobb method. [15] The pooled data showed that there was no statistically significant difference in preoperative ROM, preoperative and postoperative CCI between the 2 groups. However, there was a statistically significant difference in postoperative ROM between the 2 groups, which indicated laminoplasty was superior to laminectomy in preserving cervical ROM. The reasons for this finding may be that multilevel rigid fixation and fusion procedures in laminectomy obviously restrict the range of movement of the cervical spine.
Axial symptoms include chronic neck and shoulder pain, stiffness, limitation of movement, and other symptoms following cervical surgery. [2] C5 palsy could result in muscle weakness and numbness of the upper limbs after cervical decompression surgery. [24] Axial symptoms and C5 palsy are considered the most important complications of cervical posterior procedures. The pooled data showed that there was no statistically significant difference in axial symptoms between the 2 groups. However, there was a statistically significant difference in the C5 palsy rate between the 2 groups, which indicated laminoplasty was superior to laminectomy with instrumented fusion in reducing the incidence of C5 palsy. After posterior decompression, the spinal cord drifts and the C5 nerve roots are tethered. In laminoplasty, the limited open-door angle of the lamina restricts the spinal cord drift to some extent. However, extensive spinal canal decompression in laminectomy with fusion worsens the tethering effect of the C5 nerve roots. [24, 25] Overall complication rate, operation time and blood loss are very important aspects for evaluating surgical trauma. The pooled data showed that there was a statistically significant difference in overall complication rate, operation time and blood loss between the 2 groups, which indicated that laminectomy with instrumented fusion, was associated with greater surgical trauma. For older patients with underlying diseases, laminoplasty may be more suitable.
We believe that the results of this meta-analysis are affected by several factors. First, only one of the included studies was a randomized controlled trial (RCT). Second, there was variability in choosing the indicators to evaluate clinical outcomes between the included studies, indicating a lack of standard outcome measurements. Third, the length of follow-up varied between studies, and this is important for surgical outcome evaluations. Finally, clinical heterogeneity might be caused by the various indications for operations.
Conclusion
Both laminectomy with instrumented fusion and laminoplasty are effective treatments for MCSM. Compared with laminectomy with instrumented fusion, laminoplasty appears to provide better clinical and radiographic outcomes with fewer surgical complications in treating MCSM. However, future well-designed, randomized controlled trials are still needed to further confirm our results.
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